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Å FUN3D shape design relies on a pre-defined relationship between a 
set of parameters, or design variables, and the 
discrete surface mesh coordinates

Å Given DV, surface parameterization determines Xsurf

Å For example, given the current value of wing thickness 
at a location, what are the corresponding 
xyz-coordinates of the mesh?

Å This narrows down the number of design variables 
from hundreds of thousands (raw mesh points) to dozens or 
hundreds
Å Optimizers will perform more efficiently

Å Smoother design space

Å An additional requirement of the parameterization package is that it 
provides the Jacobian of the relationship between the design 
variables and the surface mesh,

Å While users may provide their own parameterization scheme, 
FUN3D is set up to handle three common packages:
Å MASSOUD: Aircraft-centric design variables (thickness, camber, planform, 

twist, etc)

Å BandAids: General FFD based tool

Å Sculptor®: Commercial package from Optimal Solutions

Setting

   

¶ Xsurf ¶ DV
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ÅParameterize geometry with respect to DVs to control shape

ÅMASSOUD

ÅBandAids

ÅGenerate perturbed surface mesh and SDs for FUN3D 

design

ÅVisual validation

ÅWhat we will not cover

ÅBody transformations

ÅHow to use the data in FUN3D

ÅThat will be covered in the next session

Learning Goals

FUN3D Training Workshop 

June 20-21, 2015

3

http://fun3d.larc.nasa.gov

MASSOUD

Å Multidisciplinary Aerodynamic-Structural Shape Optimization Using 
Deformation
Å AIAA-2000-4911 (Jamshid Samareh)

Å Used to generate consistent models for MDAO
Å Same shape changes communicated across all disciplines

Å Highly tailored for aerodynamic shapes
Å Parameters familiar to engineer

Å Mesh based parameterization
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ÅUses soft object animation algorithms for deforming 

meshes

ÅNonlinear global deformation (twist and dihedral)

ÅNURBS surface (camber and thickness)

ÅFree-form deformation (planform)

ÅParameterizes the discipline meshes

ÅAvoids mesh regeneration

ÅParameterizes the changes in shape, not the shape itself

ÅNo need to reproduce shape

ÅReduces the number of design variables

MASSOUD Key Ideas
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ÅNonlinear Global Deformation

ÅWrapped in twist cylinder

ÅTwisted and sheared in planes along span normal to twist vector

MASSOUD Twist and Shear

Twist parameterization 
of a generic wing

Twist parameterization 
of a generic transport

Extreme deformation 
of a generic transport
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ÅNon-Uniform Rational B-Spline (NURBS)

ÅRepresents the shape changes not the shape

MASSOUD Camber and Thickness

NURBS Control Points for 

Camber and Thickness

Camber

Extreme Camber and 

Thickness deformation

Thickness
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ÅFree-form Deformation (FFD)

ÅSurround shapes with quadrilaterals

MASSOUD Planform

Baseline

Control Points 

for FFD

Deformed

FFD control polygon
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ÅDistributed as source code

ÅSingle Makefile uses GNU C compiler (gcc )

ÅAny localization must be done manually

ÅCreates two executables

Å`massoudDesignDriver ` creates parameterization

Å`massoud ` surface mesh perturbation with sensitivity data

MASSOUD Installation
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MASSOUD Process

Step 1:

Determine # and 

locations of design 

variables

Step 2:

Create baseline 

analysis mesh for 

discipline N

Step 3:

Parameterize each 

discipline
massoudDesignDriver

Step 4:

Perturb and 

compute sensitivity
massoud

Baseline

Model

gpNFile

Design

Variable

Templates

Plot file

(TecplotÊ)

Design

Variable

SD Input

Design Group

New

SDs

Mesh N

New

Mesh N

Plot file

(TecplotÊ)
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ÅParameterization requires input to define DV locations

ÅSmall ASCII file

ÅContains 7 groups of oriented curves

ÅX axis is positive downstream

ÅY is positive out the wing span

ÅY should be positive with curves monotonically increasing

ÅGridTool can be used to create the file

MASSOUD Step 1
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Planform

MASSOUD Design Locations File

Twist

Leading and

Trailing Edges

Thickness

Camber
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Design location file Case Name Title (SECTION 1)

np ne      ntwist ncmax

4        1         2     100   0 1 2

Pt X Y Z (SECTION 2)

0               -0.0010000       -1.0010000e+00         0.0000000e+00

1                1.0010000       -1.0010000e+00         0.0000000e+00

2                1.0010000        0.0000000e+00         0.0000000e+00

3               -0.0010000        0.0000000e+00         0.0000000e+00

0               1               2                       3

#Twist Vector (SECTION 3)

# Ax Ay Az

0.0000000e+00    1.0000000e+00    0.0000000e+00

# x y z ir or

2.5000000e-01   -1.0000000e+00    0.0000000e+00         1000.0        10000.0

2.5000000e-01    0.0000000e+00    0.0000000e+00 1000.0        10000.0

# Le/Te definitions (SECTION 4)

2

0.0000000e+00   -1.0010000e+00    0.0000000e+00

0.0000000e+00    0.0000000e+00 0.0000000e+00

2

1.0000000e+00   -1.0010000e+00    0.0000000e+00

1.0000000e+00    0.0000000e+00    0.0000000e+00

5       2 0.000000e+00-1.001000e+00 0.000000e+00 1.000000e+00 # Thickness (SECTION 

5)

0.0 0.000000e+000.000000e+00

0.1 0.000000e+000.000000e+00

0.5 0.000000e+000.000000e+00

0.75 0.000000e+000.000000e+00

1.0 0.000000e+000.000000e+00

3       2

0.000000e+00   -1.001000e+00    0.000000e+00

0.000000e+00   -0.500000e+00    0.000000e+00

0.000000e+00    0.000000e+00 0.000000e+00

5       2 0.000000e+00-1.001000e+00 0.000000e+00 1.000000e+00 # Camber (SECTION 6)

0.0 0.000000e+000.000000e+00

0.1 0.000000e+000.000000e+00

0.5 0.000000e+000.000000e+00

0.75 0.000000e+000.000000e+00

1.0 0.000000e+000.000000e+00

3       2

0.000000e+00   -1.001000e+00    0.000000e+00

0.000000e+00   -0.500000e+00    0.000000e+00

0.000000e+00    0.000000e+00 0.000000e+00
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1. Planform

ÅCover planform with 5 point quadrilaterals

ÅClosed but orientation does not matter

Å1 Curve per planform section

ÅGridToolFamily name ñplanform ò

MASSOUD Design Locations
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2. Leading Edge

ÅCreate an n point PWL curve defining the leading edge

ÅMust bound all mesh nodes

ÅMay extend beyond actual geometry 

ÅGridTool Family name ñle ò

3. Trailing Edge
ÅCreate an n point PWL curve defining the trailing edge

ÅMust bound all mesh nodes

ÅGridTool Family name ñte ò

MASSOUD Design Locations

Le

Te
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4. Twist Vector
ÅCreate a 2 point curve to represent the twist vector

ÅTwist sections defined normal to this vector

ÅGridTool Family name ñtwistv ò

5. Twist Location
ÅCreate an n point PWL curve to represent the n twist locations

ÅAirfoil sections defined at these points normal to ñtwistv ò
ÅFirst and last section must bound the Y coordinates of the target mesh

ÅGridTool family name ñtwist ò

MASSOUD Design Locations

Twist

Shear

Twist Vector

Twist Vector
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ÅThickness
ÅChordwise

ÅCreate an n point PWL curve to 
represent the n chordwise
thickness locations

ÅStart, length, and %

ÅGridToolfamily name ñtx ò

ÅSpanwise

ÅCreate an m point PWL curve 
to represent the m spanwise
thickness locations

ÅShould bound Y values of all target mesh nodes

ÅBeginning and ending Y coordinates must be bounded by the Y 
coordinates of boththe ñle ò and ñte ò curves

ÅMay be a duplicate of the ñtwist ò curve

ÅGridToolfamily name ñty ò

Ån x m set of DVs

MASSOUD Design Locations

T1

T2

T3

T4

T7

T10

T13

T14

T6

T9

T12

T15

ñtx ò

ñty ò
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ÅCamber

ÅSame as for Thickness but with GridToolfamily names ñcxò and 

ñcyò respectively

ÅMay be duplicates of ñtx ò and ñty ò

ÅTwo curves define n x m set of DVs

MASSOUD Design Locations

C1

C2

C3

C4

C7

C10

C13

C14

C6

C9

C12

C15

ñcxò

ñcyò
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Å Dump out surface meshes of interest in a TecplotÊ format

Å Includes the surface node coordinates

ÅGlobal ID of the surface nodes wrt the volume mesh

ÅFUN3D flow solver CLO ó-- write_massoud_file ô

ÅProduces ñ[project]_massoud_bndryN.dat ò file for body N

ÅDefault extracts all viscous boundary surfaces as separate bodies

Å FUN3D Namelist controls
&massoud_output

n_bodies = 2 ! Parameterize 2 bodies

nbndry (1) = 6 ! 1st body has 6 boundaries

boundary_list (1) = ó3-8ô ! Boundaries in 1st body

nbndry (2) = 3 ! 2nd body has 3 boundaries

boundary_list (2) = ó9,10,12ô! Boundaries in 2nd body

/

Å boundary_list () indices should reflect boundary lumping

MASSOUD Step 2
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ÅGenerate geometry parameterization

% massoudDesignDriver ït input_massoud_bndry1.dat \
designLocations \
design.gp.1

ÅGeometry parameterization is output in ñdesign.gp.1 ò
ÅUsed as input to `massoud `

Å Additional output
ÅñdesignVariableTemplate ò

ÅReference for ñdesign.1 ò file with zero perturbations

ÅñdesignTemplate.usd ò
ÅReference for ñdesign.usd.1 ò user defined variable links

ÅñdesignVariableTemplateNumber ò
ÅLists the DV indices by DV type (planform, twist, etc.)

ÅñbaselineShape.plt ò
ÅTecplotÊ readable zero perturbation reference

ÅErrors in ñGP.log ò

MASSOUD Step 3
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ÅMesh deformation %massoud massoud.N

ÅWhere MASSOUD input is in ñmassoud.N ò

ÅFUN3D design will utilize ñcustomDV.N ò for perturbations

#MASSOUD INPUT FILE

# Option (0 analysis), (> 0 sd using user dvs ) ( - 1, sd using massoud dvs)

- 1

# core (0 incore solution)  (1 out of core solution)

0

# input parameterized file

design.gp.1

# design variable input file

design.1

# input sensitivity file (used for Option > 0)

design.usd.1

# output file mesh file

new1.plt

# output tecplot file for viewing

model.tec.1

# file containing the design variables group

designVariableGroups.1

# user design variable file

[customDV.1]

MASSOUD Step 4
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ÅVisual inspection

ÅTecplotÊ

Åñmodel.tec.1.sd1 ò contains mesh and SDs

Å(e.g. XD1, YD1, ZD1é XDndv, YDndv, ZDndv)

ÅGridTool

% GridTool ïd model.tec.1.sd1

ÅSliders to interactively perturb DVs

ÅTwist is non-linear and is only indication of change

MASSOUD Results

FUN3D Training Workshop 
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Å Failure é check ñGP.log ò

Å Design locations must be defined to bound all target mesh nodes

What Could Go Wrong (1 of 2)

Twist Vector

Twist Vector
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Å Design locations must be defined to bound all target mesh nodes

C1

C2

C3

C4

C7

C10

C13

C14

C6

C9

C12

C15

ñcxò

ñcyò

ñcyò does not 

bound tip 

nodes with full 

precision

What Could Go Wrong (2 of 2)
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ÅNew variables as linear combination of MASSOUD 

variables

M6.usd

VariablesDesign   Defined- User

VariablesDesign   MASSOUD 
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MASSOUD User Defined Variables
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MASSOUD Pros and Cons

Pros

ÅConsistent Meshes

Å No need for mesh 
generation

Å Easy to setup (hours)

Å Parameterization is fast

Å Analytic sensitivity

Å Compact set of DVs

Å Suitable for high- and low-
fidelity application

Cons

ÅLimited to small shape 
changes

ÅFixed topology

ÅNo built-in geometry 
constraints

ÅNo direct CAD connection
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ÅAerodynamic Shape Parameterization based on 

Free-Form Deformation

ÅGeneral application based on free-form deformation

ÅHandles complex shapes

ÅDVs are not classic aerodynamic parameters

BandAids
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1. Parameterize surface mesh

Å Avoids mesh regeneration

2. Use FFD to represent shape perturbations

Å Automates surface parameterization

3. Parameterize changes in shape perturbation, not the 

shape itself

Å Reduces the number of design variables

BandAids Key Ideas
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ÅBased on algorithm used in computer animation
ÅControl points are DVs

Å Immersed in Jell-O®

ÅDesign variables have no aerodynamic significance
ÅOnly those near surface have significant impact

BandAids FFD (1 of 3)

FUN3D Training Workshop 

June 20-21, 2015

28




